Abstract. While the abdominal adipose tissue has been identified as an important pathomarker for the cardiometabolic syndrome in adults, the relationships between the cardiometabolic risk factors and abdominal adipose morphology or physical performance levels have not been examined in children with obesity. Therefore, the specific aim of this study was to investigate the relationships between risk factors (BMI and physical activity levels and abdominal fat layers including subcutaneous, intra-abdominal preperitoneal and mesenteric fat thickness in children with obesity. 30 children with obesity (mean±SD = 10.0±4.5 yrs; 9 girls; BMI > 20) underwent physical performance (curl-ups, sit and reach, push-ups, and a 400-m run), ultrasound measurement of thickness of fat composition of the abdomen, blood pressure, oxygen consumption. Pearson correlation analysis showed significant correlations, ranging from -0.523-0.898 between the intra-abdominal adipose tissue thickness, cardiometabolic risk factors (BMI, blood pressure, heart rate), and the curl-up physical performance test. In conclusion, the present study provides a compelling evidence that the intra-abdominal adipose tissue morphological characteristics were associated with BMI, physical performance, and most importantly cardiometabolic risk factors (blood pressure and heart rate), which eventually contribute to the development of cardiometabolic syndrome in adulthood.
Introduction
Obesity in childhood is a common, leading cause of chronic cardio-metabolic diseases in adults, including diabetes, hypertension, and dyslipidemia [1, 2] . Epidemical research statistics have revealed that approximate 16-30 percent of children (over 9 million) between age of 6-19 years old are reported to be overweight [1, 2] . Moreover, over the past three decades the childhood obesity rate has more than doubled for preschool children aged 2-5 years and adolescents aged 12-19 years, and tripled for children aged 6-11 years [1, 3] . Child obesity is an important biomarker for cardio-metabolic syndrome in adulthood including central obesity, diabetes, high blood pressure, prothrombotic state and dyslipidemia [1, 2, 4] . Understanding metabolic and morphological courses in childhood obesity has therefore crucial clinical ramifications for the effective prevention and management of cardiometabolic syndrome in adulthood.
Childhood obesity has been assessed by BMI, physical activity, and diagnostic imaging methods including ultrasound (US), computed tomography (CT), and MRI. While BMI is easy and simple to administer, but does not provide morphological changes associated with obesity. Diagnostic imaging techniques have been used to provide precise quantitative information for measuring body fat distribution, but the disadvantages are costly, time-consuming, and somewhat hazardous because of ionizing radiation exposure for CT, and use limited to a research setting [5] [6] [7] . In contrast, a real-time ultrasonography (US) is relatively inexpensive and portable and provides accurate morphological estimation of body fat composition [5, 7, 8] . Recently, US imaging has been used to accurately determine subcutaneous and intra-abdominal; preperitoneal and visceral fat thickness.
Visceral and mesenteric fat are a specific type of visceral adipose tissue which is drained by the portal circulation, and has been associated with different metabolic patterns compared with other types of adipose tissues such as subcutaneous and peritoneal fat [9] [10] [11] . The ultrasonic measurement of thickness of mesenteric fat, which represents a more specific and accurate deposit of visceral fat, showed a good correlation with cardiovascular risk factors in healthy persons [2, 9, 12, 13] . However, there is a dearth of evidence that examined the relationship between fat composition, BMI, blood pressure, oxygen consumption level, and physical activity including curl-up, sit and reach, and pushup in children with obesity.
Therefore, the specific aim of this study is to investigate the relationships between risk factors (BMI and physical activity levels) and abdominal fat layers including subcutaneous, intra-abdominal preperitoneal and mesenteric fat thickness as measured on US scan in children with obesity. We hypothesized that the relationships between the cardiometabolic risk factors (BMI, blood pressure) and abdominal adipose morphology, as well as the cardiometabolic risk factors and physical performance levels, would exist in children with obesity.
Materials and methods

Subjects
A convenience sample of 30 children (mean±SD = 10.0±4.5 yrs; 9 girls) with obesity were recruited from multiple elementary schools as a part of FITKIDS program. All parents of the children candidate provided informed consent form that was approved by Yonsei University. Inclusion criteria entailed: (1) age ranging from 5-15 years old; (2) > 20 in the body mass index scale; (3) healthy. Exclusion criteria included those children with congenital heart problems, diabetes, and any other medical problems that could affect physical performance tests. The baseline of health and physical performance was prescreened by a demographic and health screening questionnaire. 
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A rea composi (Mediso [3, 7] Table 1 presents the anthropometrical and clinical characteristics of the children. The mean BMI was 24.89±2.26, suggesting a mild to moderate obesity (Figure 1 ). Table 2 represents a comparison of the intra-abdominal adipose tissue thickness data in the MF, PF, and SF. Pearson or Intraclass correlation coefficient (ICC) analysis showed significant correlations, r = 0.48 between MF and PF, and r = 0.76 between MF and SF, respectively. Table 2 represents correlation coefficient data of various obesity index, intra-abdominal adipose tissue thickness, and cardiometabolic risk factors, which ranged from -0.523 -0.898. 
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Anthropometrical and demographic data
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Discussion
The present study is the first clinical evidence highlighting the relationship between the various obesity index, intra-abdominal adipose tissue thickness, and cardiometabolic risk factors in children with obesity. As anticipated, significant correlations between the BMI, intra-abdominal adipose tissue thickness, cardiometabolic risk factors (blood pressure and heart rate), and physical performance level were found. Most important, the ultrasound measurement of the intra-abdominal adipose tissue provides an important diagnostic information about the pathomarkers associated with cardiometabolic risk factors in children with obesity, which can be used for accurate evaluation and effective intervention of predisposed children with the cardiometabolic syndrome. Because in the current literature there was no previous data available in children with obesity, it was practically difficult to compare our present results.
Correlation analysis showed a strong relationship existed between BMI and the intra-abdominal adipose tissue thickness, particularly in the SF (0.79) and MF (0.76), indicating that abdominal fat metabolism is closely linked with abdominal morphology [5, 11, 13, [16] [17] [18] . This finding was consistent with other study showing a positive correlation between visceral fat and BMI in adults [13, [16] [17] [18] . Recently growing evidence suggests that abdominal fat metabolism is an important biomarker of insulin resistance Type I diabetes [11, 12, 17, 18] . In adults, MF is believed to be sensitive to the catecholamine's effect, leading to increased FFA and insulin resistance by decreasing peripheral glucose uptake [12, 13, [16] [17] [18] . A moderate relationship was observed between all abdominal adipose tissues (PF, MF, SF) BMI and diastolic blood pressure whereas PF and MF were correlated with BP. This finding supports the fact that the visceral adipocytes, which are the progenies of the abdominal fat deposits play a role in releasing cytokines and vascoactive peptides (i.e., interleukin-6, angiotensin II), which can increase risk of cardiometabolic symdrome [4, 5, 17, 18] . A strong relationship was found between BMI or MF and physical performance (i.e., curl-up), indicating that relative lack of abdominal muscle strength associated with muscle size is inversely associated with MF or BMI. This data corroborates previous finding showing that abdominal physical performance level is crucial for mesenteric fat deposit.
In smmary, these results suggest that the intra-abdominal adipose tissue morphological characteristics were associated with BMI, physical performance, and most importantly, cardiometabolic risk factors (blood pressure and heart rate), which eventually contribute to the development of cardiometabolic syndrome in adulthood. The childhood obesity is closely linked with other cardio-metabolic risk factors including hypertension, type 2 diabetes, and adiponectin adulthood [1, 2, 18] . However, the present study did not examine this relationship. Nevertheless, the present study has important clinical implications that child hood obesity is strongly linked with the intra-abdominal adipose tissue, physical performance, and most importantly cardio-metabolic risk factors (blood pressure and heart rate), which can be used to predict and/or to take preventive measures against diabetes or other cardio-metabolic syndromes in adulthood. Future longitudinal studies should investigate the cardio-metabolic risk factors including hypertension and diabetes in adulthood in order to test a possible hypothesis for the pathogenesis for the cardio-metabolic syndrome. Moreover, the ultrasound imaging measurement is an appropriate diagnostic tool to precisely ascertain the underlying pathogensis of the cardiometabolic syndrome in children with obesity.
